Introduction 4 7
A main goal of ecology is to find causal explanations for patterns of distribution and relative 4 8 abundance of species (Vellend 2010) . Traditionally, environmental gradients have been deemed 1 0 0
The dynamics of the terrestrial ecosystem surrounding ponds strongly also affects 1 0 1 freshwater metacommunities. One aspect of the terrestrial ecosystem that strongly influences the 1 0 2 aquatic ecosystem is pond canopy cover, which is a key gradient affecting the distribution of , 1999; Werner et al., 2007) , to snails (Hovermann et al., 2011) . Canopy cover alters light 1 0 5 availability and leaf litter input into ponds, and consequently primary productivity and 1 0 6 decomposition (Werner et al., 2007) . As a result, larval fitness is lower in less productive, 1 0 7 closed-canopy ponds (Schiesari, 2006) . Besides primary productivity, canopy cover may affect 1 0 8 other water chemistry variables that influence larval development, such as temperature, 1 0 9 conductivity, and dissolved oxygen (Werner & Glennenmeier, 1992) . Consequently, few species 1 1 0 tolerate and colonize closed-canopy ponds, but those that do benefit from lower exploitative 1 1 1 competition (Schiesari, 2006) . On the other hand, the influence of water chemistry on freshwater communities has been 1 1 3 rarely investigated at the metacommunity scale (e.g., Hecnar & M'Closkey, 1996;  Hajek et al., and dissolved oxygen affect metabolic rates and directly influence time to metamorphosis and 1 1 9 larval fitness (reviewed in Ultsch et al., 1999) . Turbidity is related to the trophic status of ponds 1 2 0 (Scheffer et al., 1993) . Hence, water chemistry may represent the influence of local environment 1 2 1 on tadpole relative abundance, as expected under the species sorting perspective. Taken together, the aforementioned environmental variables seem to differentially affect 1 2 3 adult anurans and their larvae. On the one hand, the distribution of adult anurans seems to be 1 2 4 more influenced by spatial processes and landscape attributes of the terrestrial ecosystem 1 2 5 (Resetarits et al., 2005; Binckley & Resetarits, 2007; Wells 2007) . On the other hand, larval 1 2 6 development, growth, and abundance might be directly influenced by local water chemistry 1 2 7 (Ultsch et al., 1999) , although any metacommunity-scale process on adults will probably affect 1 2 8 their larvae. However, to the best of our knowledge, empirical studies have not tested the 1 2 9 combined effects of spatial structure, water chemistry, and pond morphology on amphibian 1 3 0 species composition, especially in diverse, tropical environments (see also Logue et al., 2011) . In 1 3 1 particular, the complex life cycle characteristic of amphibians has the potential to simultaneously 1 3 2 test whether different perspectives in metacommunity theory could explain community Therefore, we hypothesized that these two sets of environmental variables represent (2009), we argued that pond morphology and canopy cover could be proxies for the effect of ponds are more favorable, source environments. Therefore, we hypothesize that a mass effect related to breeding sites. As a result, we expect that pond morphology and canopy cover 1 4 5 influence species composition at broad scales, while water chemistry would be more significant 1 4 6 at fine spatial scales. This study was carried out in the Serra da Bocaina National Park (22º 40' to 23° 20' S; 44° 24' to 1 5 2 44° 54' W), at the border between the states of São Paulo and Rio de Janeiro, southeastern Brazil October to March). The annual rainfall varies between 400 and 2100 mm, with mean annual 1 5 9
temperature of 22º C. The breeding season for the majority of adult anurans is during the rainy 1 6 0 8 season (M.V. Garey, unpub. data). Thus, we sampled ponds in this period in order to maximize 1 6 1 the chance of collecting most of species.
6 2
We sampled tadpoles using a hand dipnet in 13 water bodies with different morphologies 1 6 3 (e.g., area, depth, and aquatic vegetation) and varying degrees of canopy cover, monthly between 1 6 4
August 2008 and January 2009. All ponds were sampled within a one-week period each month. All ponds were fishless, and 3 out of 13 held water during only three months, all others were 1 6 6 permanent ponds. Blind sweeps were made along the entire margins of water bodies, with effort 1 6 7 proportional to surface area (Skelly & Richardson, 2010) . Tadpoles were fixed in the field with 1 6 8 10% formalin. In addition, adult anurans were acoustically monitored monthly to record the 1 6 9 species present in each water body, which would help in tadpole identification. Prior to tadpole sampling, we recorded two sets of pond characteristics: (i) water 1 7 1 chemistry variables, namely: conductivity (mS/cm), dissolved oxygen (mg/l), pH, temperature 1 7 2 (ºC), and turbidity (NTU) using a Horiba U-10 multiparameter water quality checker; (ii) pond aquatic vegetation was used as a proxy for habitat structural complexity, varying from 0 (low 1 7 6 complexity) to 100% (high complexity). We also recorded pond canopy cover (%) using a 1 7 7 spherical densitometer (Forestry Suppliers, Jackson, MS, U.S.A.); measurements were taken in 1 7 8 four directions (N, S, E, W), and the center of the pond. Pond morphology variables were 1 7 9 measured only once at the peak of the rainy season, whereas water chemistry was measured 1 8 0 during all sampling period. Prior to analyses, we standardized environmental variables to zero Legendre, 2012). Further, we implemented a forward selection procedure with double-stopping scale variables (Fig. S2 ). The first two dbMEMs modeled positive spatial autocorrelation For all subsequent analyses, we transformed the total counts of species using the Hellinger autocorrelation, and spatially structured environmental gradients (shared variance). We 2 1 7 determined the pure and shared effects of water chemistry, pond morphology, and pond spatial Since we sampled ponds repeatedly, we used each pond and month as factors in the pRDA and Monte Carlo randomizations to determine significance. We also built a Mantel correlogram to 2 2 3
investigate the spatial pattern of species composition and also correlograms to analyze the spatial analysis, since they could affect pRDA. Both environmental variables and spatial distribution of ponds affected metacommunity cover were spatially structured (Fig. 2) .
4 5
Species composition showed significant positive spatial autocorrelation in the first two 2 4 6 distance classes (between 0.01 and 1.63 Km) and negative autocorrelation in the third and fourth 2 4 7 distance classes (between 2.43 and 3.24 Km; Fig. S4 ). Ponds separated by 2.43 Km (upper limit cover, area, depth, and aquatic vegetation at short distances (Fig. S5) . Water depth was the most that vary at the metacommunity scale (i.e., pond morphology), in contrast to local, pond water 2 7 6 chemistry variables. Furthermore, we also showed that the pure spatial processes (~ 20%) seem 2 7 7
to play a larger role in shaping species composition, compared to pond morphology variables 2 7 8 alone (16%). The high variation accounted for by the pure spatial component can be attributed The broad-scale spatial pattern of pond morphology variables and canopy cover seems to 2 8 5 influence tadpole metacommunity dynamics. These variables are also known to influence in these ponds than in closed-canopy ponds. Additionally, treefrogs and aquatic beetles 2 9 0 discriminated between fish and fishless ponds for oviposition sites. In our study area, canopy 2 9 1 cover was lower in the northernmost ponds ( reproduction as key mechanisms structuring this metacommunity. Contrary to our initial prediction about within-pond community structure, water 2 9 7 chemistry variables do not seem to influence tadpole species composition. This result is in agreement with previous studies on amphibians (Hecnar & M'Closkey, 1996; Brodman et al., 2 9 9 2003). Other abiotic (e.g., pond canopy cover, productivity, hydroperiod) and biotic variables 3 0 0 (e.g., presence of fish) may be more important than water chemistry in determining pond predators (Relyea and Werner, 2000) , but also to local environmental variables, food availability, 3 0 6
and pond drying (Newman, 1992) is a possible mechanism responsible for the lack of influence 3 0 7
of water chemistry on species composition.
3 0 8
The spatial autocorrelation in species composition at short distances seems to be driven 3 0 9
by the induced spatial dependence of pond morphology variables, such as aquatic vegetation, differentiation at the scale of 2 km. These data agree with our results about spatial 3 2 0 autocorrelation in species composition, since we also did not find a differentiation in species In summary, we have shown that the induced spatial dependence of pond morphology 3 2 5
and canopy cover strongly influenced the tadpole metacommunity structure. These findings posit behavior and neutral dynamics create spatial patterns. 
